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Description 

Thfs invention relates to Improved calcium sIHcate materials and to processes for manufacture of such 
materials. 

6 Calcium silicate materials cpmpiising a crystalline matrix of calcium silicate consisting predominantly 
of xonotlite and/or tobermorite are known and used widely in applications involving hot face temperatures 
above about 600''C. These are produced generally by mixing silica with calcium hydroxide (usually as 
slaked lime) and autoclaving before or after moulding. United States Patent Specification No. 4238240 
summarises a number of previous patents exemplifying such processes. The thermal insulating materials 
to thus produced have limited life at above 1000°C and are generall/, after heating fragile, and the materials 
may also be subject to a degree of superficial shrinlcags on drying which creates production problems and 
defects in moulded articles^ such as slabs, moulded from the materials* 

It Is also Icnown to add a quantity of wood pulp or other cellulose fibres, rock wool and/or 
diatomaceous earth. It has also been proposed, in British Patent Specrficatibn 1/^2,242 to add clay or the 
15 like to a reacted slurry of hydrated calcium sllicdtes, but this requires a longer moulding time and the 
shrinkage on drying of the moulded product increases proportionately to the amount of clay added. 

An object of the Invention is to provide a calcium silicate based material with improved thermal 
insulating properties and Improved strength after heating, and reduced superfidal shrinkage on dr/lng. 
The invention accordingly provides a calcium silicate based material comprising a crystalline matrix of 
20 caldum silicate consisting predomlnandy of xohotilte and/or tobermorite, characterised in that free silica 
has been added to the material to occupy interstices of the matrix. 

Advantageously a source of calcium Ions Is also present, residual from the matrix-producing reaction, 
or added with or immediately after or before the addition of the free silica, such as for example a 
suspension of calcium oxide, or slaked lime. 
25 The silica added is preferably amorphous in structure, with generally spherical parttdes and having a 
surface area per unit mess greater than 5 mVg. More preferably, the silicon is added in the form of a finely 
divided powder witii a suri'ace area in the range of 10 to 250 mVg, such as silica fume recovered for 
example from the manufacture of silicon metal or from the manufacture of ferro silicon. 

The Invention also provides a method of making a calcium silicate based material comprising reacting 
30 silica and calcium oxide to produce a matrix of crystalline <»lc1um silicate consisting predominantly of 
xonotilte and/or tobermorite, characterised In that after completion of the reaction, free silk^a is added 
thereto to occupy interstices of the matrbc 

Advantageously caldum Ions are also present or added, In for example the form of a solution of 
Cdtoium oxide or slaked lime preferably in a quantity sufficient to react with surface layers only of the silk:a 
3S partides whereby the particles may be "cementitiously" bonded togetiier, without substantial loss of the 
thermal properties of the silica. 

The slurry of calcium oxide and silica used to produce tiie crystalline matrix may additionally contain a ' 
email quantity of manganese, magnesium or other ions capable of being incorporated In the caldum 
silicate crystal structure. Such additions enable a higher solids content to be present in the slurry without 
40 the expected increase in viscosity. They do however unaoceptably Increase the tiiermal shrinkage at lOOO^^C 
which Is more than offset fay the addition of free silica. 

The slurry of lime and silica Is preferably autoclaved, after which silica (and calcium Ions or a suitable 
soun» of such Ions as required) are added at a temperature necessary to permit the cementitious reaction 
to occur (usually above 76^) together with a suitable quantity and type of non-asbestos fibre. The slurry Is 
4$ then moulded The resulting slabs are then dried, or may be subjected to further autodaying before drying. 
Suitable caidum salts which dissociate in aqueous solutions may be used as a cialclum ion source* 
provided the anion of the salt does not Kself have adverse ef^cts on the product For this reason caldum 
chloride Is not suitable. 

The material and method of the invention will now be further described and the inventive concept 
CO explained hereinafter and with reference to the following examples. 

Example I 

Experiment Illustrating the underiying concept of the invention . 

10 g of silica fume (a very finely divided form of ^llca having a surface area of 14 mVg) was stirred with 
55 1 litre of distilled water at 80^. The slurry was filtered end the resultant filter cake completely dried In a 
laboratory oven at 110*C. The dried cake cmmbled easily between tiie fingers. 

The above steps were repeated using the hot filtrate from a well reacted siuny originally comprising 
equimolar proportions of caldum oxide and silica In distilled water and having a pH of 8--0.8. This dried 
cake was significantly less crumbly. 
^ These observations may be explained In that Jennite or other weil recognised spedes of calcium 
silicate are formed under these conditions. Due to the limited quantity of caldum ions present in the latter 
filtrate, the reaction Is probably superficial only, but suffldentto provide adequate cementitious bonding 
between the particles of silica, and possibly also to the existing caldum silicate If, as proposed in the 
present Invention, this reaction were canled out after formation of a crystalline matrix of widum silicate. 
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The reaction between lime and sHica to make calcium silicate proceeds In several stages and is 
wl|.|mown. It is aenerally agreed that this reaction can be represented as:- 

C+S->C4SH^CSHI-»CSHII-»xonbtIit8/lobermorfte 

' '^'^^7^oX^^% a':d't?mp"eS'ture dependent A de^rjptlon of this multl^p process Is given In 
„ J^xlJ^e Xrs^k^^^^^^^^^ trpromcS'^P^eSSill reaction of the Idnd bonding the sHica pa«1Ces 

the fbllowfng examples. 
Exdmple 2 

as samples was 1.16%; 2.98%: and i87% respecthrely. 
Example 3 

below In Teble 1. 

TABLE 1 . 
Without 10% free elllca With 10% free alUca 
Reaction (Exam ple 2) % (Example 3) % 

so ^^ 5,64 . 0.86 • 

2 408 0.80 . 

3 6*98 0.87 

4 5.99 . — 

w g — 0.73 
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tt will thus be seen that the addition of free slh'ca not only materially reduc^ the shrinkage of the 
material (from about 2% to under 1%) but also obviates the excessive themial shnnkage caused by 
addition of "doping" Ions such as manganese. 

Example 4 

Added silica with calcium ions . , , ^» t 

3.4 Utres of well reacted calcium oxide and silica made by reacting equlmolar proportions in aqueoi^ 
suspension and recognised as well reacted by X-ray diffraction, were d vlded into 2 portions. To the first 
portion (1.7 litres) 100 ml of an aqueous slurry of slaked lime with 6 g weH dispersed wood pulp and 10 g of 
slIlwTme were added. The resultant aqueous mbc was heated to 90=<: and filtered In a large Buchner 
funnel. The resultant drsc lliw cake was dried at 110**C to constant wrelght 
TOspro^^^^ 

fume. The dFametere of the wet and dried cakes were measured and the superficial drying shrinkages 

"^^TheJsults showed that superficial shrinkage without silica addition averaged 10% but with the silica 
shrinkage averaged 4% apprpx. ana tn 

Note, The superfidal shrinkage for a glv^n reaction liquor dependent "PO"J"\rn^^^^^ 
practice can vary usually over the range 3-12%. In all cases the additions of free ^^^J^^^^^ 
superifidal shrinkage. The addition of calcium Ions by way of slaked lime does not significantly effect this 
2Q property achieved by the silica addition, but does Improve die strength of the material. 

The accompanying drawing is a plot of heat transmission (lambda) against ,i™tenal density in kg/m 
for a caldum silicate material without silica addition (full line curves) and witii silica addition (broken line 
curves), at different temperatures, ^ « ^ ^ 

olives A and B are derived from measuremonlB taken at 650«C mean temperature. Curv^ C and D are 
25 derWed from measurements taken at 600^ mean temperature. Curves E and F are derived from 
measuremems taken at 450^0 mean temperature. Curves G and H are derh/ed from measurement taken at 

"^^ThTbrekS nS!^^^^ show tiiat die tiiermal conductivity of the material according to this Invention Is 
slgnlficantiy lower at any given temperature titan tiiat of calcium silicate made wfthout free silica. The 
30 addltionoffreesnicaofamucbhighersurfaceareawillgr^^^ 

of tiie free silica containing material have only been conducted up to ^^'^^^^s <^ «^out 1M fc^n^^ but the 
curves may reasonably be extrapolated to have die same general shqpe and gradlente as those for tiie 
material witfiout free silica which have been measured up to densities of about 200 kg/m . 

The material according to tiie Invention has tiie additional advantage that whereas most caldum 
sfllcate materials tend to soften after calcination, when free sHlca wltii or w^iout calcium Iotj^^ 
cementitlous binding of the silica are added, tiie compressive strengtii of tiio caWum silicate Is effectively 
unchanged as iilusti'ated by the following data:— 

TABLE 2 

Compressive stireng tii (KIloNewtens per square .meter) 
Before treating to 1000"C for 24 hours«1360 KN/hi* 
After heating to 1000*C for 24 hours==1625 KN/m* 

Claims 

1. A catelum slCcate based material comprising a crystalline matrix of calcium aWcate consisting 
predomlnantiy of xonotllte and/or tobermorite, characterised In tiiat free silica has been added to ttie 

rn material to occupy Interstices of the matrix, , . , • . . . u^^^ 

2. A material accoitilng to claim 1 characterised In tiiat a source of calcium Ions Is prasent or has been 

added to the mati-Ix. , ^ . , . . *^t^u.^ 

3. Amaterial according to claim 2 characterised In tiiattiie source of calcium Ions Is any one of caldum 
0)dde; calcium hydroxide; or a caldum salt which dissodates In aqueous solution and die anion of which 
has no disadvantageous effect on the properties of the material. ^. ^ ^ 

4. A material according to claim 1, 2 or 3 characterised In that tiie free silica has a high surface area per 
unit mass greater tfian 6 mVg and Is amorphous In stinicture witii generally spherical partides, 

6. A material according to claim 4 characterised In that tiie surface area of said free silica is In tiie range 
of 10 to 250 m*/g. 

6, A materia I acconfmg to claim 4 or 6 characterised in that said free silica Is silica fume recovered from 
the manufacture of ^llcon metal or from tiie manufacture of ferro slOcon. 

7. A method of making a caldum silicate based material comprising reacting silica and caldum oxide to 
produce a matrix of crystalline caldum silicate consisting predominantly of xonotiite and/or tobermorite, 
characterised in that after completion of tiie reaction, free silica is added tiiereto to occupy Interstices of tfie 
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a A method according to claim 7 characterised in that calcium Ions are present in solutfon from the 

"^'9°AiSSacOTrJS5'clarm7char3cterised in that a source of calcium Ions Is added to the material. 

lb A method according to dalm 8 or 9 characterised in that the calcium Ions are added or are present 
in a qu^nfity which permits a reacUon with the particles of the added silica whereby the s'^a partWes are 
bound together without significant loss of the themwl properties of the eilica or the matnx wherein it is 

'""ll" A method according to dalm 7 characterised In that the free fiHlca 1$ finely divided with a surface 

"^^2! A^^eSod awrding to claim 11 wherein the free eilica Is silica fume recovered from the 
manufacture of silicon metal or from the manufacture of ferro slllOMi. j . , 

13. A method according to any one of dalms 9 to 12 characterised In that the source of added calcium 
ions is any one of calcium oxide, caldum hydroxide or a caldum salt which dfesocfatss Irfaqueous solution 
and the anion of which has no disadvantageous effect on the properties xrf the meterial. . 

16 

PatentansprQche 

1. ^KalzIumsilllcatwertcstoff. bestehend aus einer kristalllnen Ma^bc 7" JSf'^^SLXJ^S?^^ 
Qbenwlegend Xonollt und/oder Tobermorit enttialt, dadurch gekennzelchnet. daB dem Wericstoff frele 

20 Kiselsjure zur Besetzung der ZwischengrtterplAze der Matrix zugefQgt 1st 

rWeriSoff nach Aijpruch 1. dadUfSi gekennzelchnet, daft eine Kalzlumlonenqueiie eingefuhrt oder 

S!Sc5f^^a1h /ii^nidi 2, dadureh gekennzelchnet, daft die Kaldumionenquelle aus KaWumoxId, 
Kaizjurr^h^xid oder aus^ KalzIuqisaU besteht. weWjes in ^afriser LSsung dlssozHert. wobel dessen 
9« Anion ketna hachtellloe Wlriamfl auf die Elgenschaften des Werkstoffes ausQbt ' „ 

4 vSri^ff nSh AnsTru^^^^ 2 oder 3, daduixh gekennzelchnet. daft die frete Wewteiure elne groUe 
OberflSdie pro IWassenelnheit, gi«l5er ate 5 mVg, und eIne amoiphe Struktur mit im aBgememen 

. ^^T^Jt^^^t^r^^. dadurch gekennzelchnet. daft die OberflSch der genannten frelen 

so iGeselsSure im Bereich von 10 bis 250 m*/g llegt , u , ,«» i««««iiJiur<i oua 

6 Wericstoff nach Anspiuch 4 oder B, dadurch gekennzelchnet, daft die frde Kieselsaure aus. 
Kieseis5u)SSf bSeSTdnel dar Hei^tellung von Sllldummetall odef bei der Heretellung vojt 

'^yfTeShrl^'SJ'SelLTtlnes Kalzlumslllkatwericstoffes, bestehend aus der Reakdon von 
raeselsauw uiS SLiumoxid zur Herstellung elner kristalllnen Matrix vom ltolzIumdlBca^ welJ^^^ 
0^ro»«end aus Xonollt und/oder Tobermorit besteht dadurdi gekennzeldinet, daB nach der 
vS3X4uSde?SSon.freleKIeselsSurehi^^^ 

'TvSSiren nach Anspruch 7, dadurch gekennzeldinet, daB Kalzlumlonen In LSsung bel derdie Matrix 

'"TvVriThren nScS WiS^^^^ gekennzelchnet. daB elne Kalzlumionenquelle dem Weri«toff. 

'""^a^eKSnach Ansprudi 8 oder 9, dadurch gekennzelchnet. daB die Ka Homioiwn In einerMenge 
hinzugefQgt oder eingeffihrt werden, welche elne R^aktlon mft den Teflchen der hl^^^ 
WeselS erlaubt. wobel die Kleselsiuretellchen ohne betrSchtKchen Vertust der thermlschen 
KShaSen IS KieS^ure oder der Matrix, In welche sle elngebettet 1st, mtelnander verbunden 

*^"lT'verfahren nadi Ansprudi 7, dadureh gekehnzeldtnet. daB die frele Kieselsaure mit elner 
oherflSche von 10 bis 250 nr/a fein zerteilt 1st ' « . > 

^t^dt^ 11, dadufdi gekennzeldinet, daS die freie Kieseteaure aus einem 

Klesd^uSdam^ftSfehf?e?W^^^ 

•^^^^erShSSlXS^r^^^^ 8 bis 12, dadurdi fleken^fchnet, daB die Quelle der 

hinzugefifgten Ka WumioiJen aus KaWumoxId. Kalzhimhydrojdd oder eInem ^^^"^^^ ""ff^^ 
•mTfssnier lasung dissozHert und von welchem das Anion kelne nachteHIge Wlrioing auf die 
Elgenschaften des Werkstoffes hat 

Revenfiicatfons 

en 1. Matiriau d base de dllcate de calcium du genre comprenant un rfeeau cristallln de slllrate de 
caldum constitue de manlSre pr^domlnante par de la xonotllte et/ou de la tobermorite, caractfinsS en ce 
que de la sllice llbre a 6td aJout6e au mat6riau en vue d'occuper lee hrtersttcM du rfiseau. 

2. Mat6riau sulvant la revendication 1, caracf6ris6 en ce qu-une source d'lons calcium se tnjuve dans le 
riseau ou a £t§ ajoutte h celul-ci. ^ . • . v..^^ 

65 3. IWat6rlau sulvaiil la revendlcation Z caract6rfs6 en ce que la source dlons caloum est I une 
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quelconque des suJvantes: oxyde de calcium; hydroxyde de calcium; ou un Gel de calcium qui se dissocle 
dans une solution aqueuse et dont I'anlbn n'a pas d'effet n6fast0 sur les propn6t6s du mat^naa 

4. Mat6ri3U sulvant 1' une quelconque des revendicatlons 1 , 2 ou 3, caract^risd en ce que la silice libra a 
une aire de surface 6lev6e par unlt6 de masse, supdrteure d 5 m% et est de structure amorphe h partlcules 

5 g^ndrafement sphdrlques. , • . ^ i ^nu^ iikr« 

6. Matfiriau sulvant la revendlcaflon 4. caract6ris6 en ce que I'aire de surface de la slllce libra est 

comprise entre 10 et 250 mVg, ^ , . , „. . 

6 Mat^riau sufvant I'une quelconque des revendicatlons 4 ou 5, caractense en ce que la slUce Uore 
de la fumde de silice obtenue h partir de la fabrication du sllicium m6talliquo ou h partir de la fabrication du 

10 ^^''''^jlj^^-^ p^y^ |g fabrication d'un mat$riau a base de silicate du genre danslequel on fait r^aglr de la 
silice et de I'oxyde de calcium pour produire un r6seau de silicate de calcium cristallln consistant de 
manl^re pr€dominante en de la xonotUte et/ou de la tobemiorite, caract$ris6 en ce qu'aprds achdvement de 
la reaction, de la silice llbre est a]out6e en vue d'occuperjes Interstices du r^eau. 

IS 8. Proc^6 suivant la revendlcation 7, caract6ris^ en ce que des Ions caldum sont presents dans la 
solution provenant de la reaction destines h constituer le r6seau. 

9. Proc6d4 sulvant la revendlcation 7, caract6ris6 en ce qu'une source d'lons calcium est ajout^e au 

matiriau. ^ , . . , 

10. Proc6d6 sulvant Tune quelconque des revendicatlons 8 ou 9, caract6ris6e en ce que des Ions 
20 calcium sont ajout^s ou sont presents en quantity permettant une rfiactlon avec les partrcules de slllce 

Inoorpor^ de manldre que ces particules de silice solentassocldes ensemble sans perte elgnrflcative des 
proprl^t^ thermlques de la siUce ou du r&eau dans lequel elle se teouve. • ^. . ^ 

11. Proc6d6 suivant la revendlcation 7, caractfirlsd en ce que fa sHIce Kbre est flnement divisee en ayant 
une aire de surface de 10—260 _ ^ x ^ ^.t x 

25 12, Proc^d6 sulvant la revendlcation 1 1 r caract^rls^ en ce que la sllice est une fum^e de dllce obtenue d 
partir de la fabrication de sllicium m^talllque ou d partir de la fabrication de ferro-sllldum. 

13 ProcWS suivant I'une quelconque des revendicatlons 9^12, caract)§rls4 en ce que la source d ions 
caldum additionnels est soit un oxyde de caldum, solt un hydroxyde de caldum, solt encore un sel de 
caldum qiil se dissdcle en une solution aqueuse et dont I'anfon n'a pas d'effet n^faste sur les propn6t^ du 

30 mat&riau. 
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Density (kg/m3) 



